selected as independent prognostic factors by multivariate analysis of 14 prognostic factors, using Cox regression. Conclusion. Serum CEA and CA19-9 levels provide additional prognostic information in patients with primary gastric cancer. In particular, an elevated serum CEA level provides additional prognostic information and is a useful indicator of curability in patients who undergo gastrectomy. Serum CEA level is an independent prognostic factor in patients with primary gastric cancer.
Introduction
In spite of recent improvements in early detection, progress in surgical techniques, and the development of adjuvant chemotherapeutic regimens, the survival of patients with gastric cancer still needs to be improved [1] . Although morbidity and mortality have decreased significantly in the past 40 years, the overall 5-year survival in Japanese patients with gastric cancer remains less than 70% [2] . Distant metastasis, depth of invasion, and lymph node metastasis are well known to be strong prognostic factors [3] [4] [5] [6] , and, in addition, serum tumor marker levels are considered to be important. Various tumor markers have been described since Gold and Freedman [7] reported the discovery of carcinoembryonic antigen (CEA) in 1965. Serum CEA levels have been studied in an effort to identify those patients who may be at increased risk of recurrence despite curative resection and who are therefore appropriate candidates for adjuvant therapy. In colon cancer, Holyoke et al. [8] reported that when the CEA cutoff value was set at 2.5 ng/dl, there were more recurrences among patients whose preoperative CEA values were above this level. Wanebo et al. [9] reported that when the cutoff value was set at 5 ng/dl, there were significantly more recur-rences in patients with Dukes B (P Ͻ 0.02) and Dukes C (P Ͻ 0.001), suggesting that CEA-positive patients had significantly poorer prognoses.
Another tumor marker, carbohydrate antigen (CA) 19-9 [10] , a ligand of E-selectin [11] , is a molecule that may play a role in the adhesion of cancer cells to endothelial cells, resulting in hematogenic metastasis. A significant difference has been observed between the prognosis of stage II-III pancreas cancer patients with and without elevated CA19-9 levels [12] . Pronounced expression of CA19-9 has also been observed by immunostaining of gastric cancer tissue [13] , making it another of the tumor markers that are frequently evaluated in gastric cancer patients in Japan.
Although serum CEA may be useful in the followup of colon cancer to identify tumor recurrence, and CA19-9 may be useful in the follow-up of pancreas cancer, it is, at present, unclear what role tumor markers may have in predicting or identifying those patients with gastric cancer who will develop recurrence after curative resection. Therefore, in this clinicopathological study, we evaluated whether serum CEA and CA19-9 levels predicted locoregional recurrence and long-term disease-free survival in patients with gastric cancer.
Patients and methods
Between January 1989 and December 1994, 485 patients with primary gastric cancer were referred for evaluation. Gastrectomies were performed in 434 patients (resectability rate 89.5%). Of the 434 patients, total gastrectomy was performed in 129 (29.7%), subtotal gastrectomy in 287 (66.1%), and wedge resection in 18 patients (4.1%). All patients had histologically proven adenocarcinoma of the stomach. We selected the following 12 prognostic factors for evaluation: age, sex, main tumor location, tumor size, gross type, clinical stage, histological type, depth of invasion, lymph node metastasis, lymphatic and venous invasion, and curability. For main tumor location, the stomach was divided into upper, middle, and lower positions; histological type was assessed as tub1, tub2, por1, por2, and sig types; depth of invasion (t1, t2, t3, t4), lymphatic and venous invasion, and curability (A, B, C) were classified according to the Japanese classification of gastric cancer (JCGC) [16] . Serum CEA and CA19-9 levels were analyzed in relation to these prognostic factors by multivariate analysis. The preoperative CEA and CA19-9 levels (within 1 month prior to gastrectomy) and the postoperative CEA and CA19-9 levels (within 3 weeks after gastrectomy) were determined in the clinical laboratory. Serum levels of CEA were determined with a commercial enzyme immunoassay kit (Fujirebio; Tokyo, Japan). Serum levels of CA19-9 were also evaluated with a commercial enzyme immunoassay kit (Fujirebio). The cutoff value for CEA was 5 ng/ml and that for CA19-9 was 37 U/ml.
Cumulative survival rates were calculated by the Kaplan-Meier method, and statistical significance was evaluated by the log-rank test. The Survival Tools for StatView program (Abacus Concepts, Barkeley, CA, USA) was used for simultaneous multivariate adjustment of all covariates by Cox regression analysis. Forward stepwise regression analysis (likelihood-ratio statistic) was performed to select good predictors of survival. The relative risk of death was compared by using the exponential coefficient [exp( )]. Statistical significance was assumed for a P value of less than 0.05.
Results

Clinicopathological and surgical features
The patients' clinicopathological and surgical features are shown in Table 1 . Their median age was 61.9 years (range, 20-90 years). The ratio of males to females was 3 : 1. Serum levels of CEA were elevated in 92 of the 485 patients (19.0%), CA19-9 levels were elevated in 95 of the 435 patients (21.8%), and both markers were elevated in 29 of these 435 patients (6.7%). There were no significant differences according to sex between elevated and normal levels for either serum CEA or CA19-9 levels. The proportions of patients with elevated serum CEA and CA19-9 levels were significantly higher in those at stage IV of the JCGC surgical stage grouping than the proportions in patients at other stages (CEA, 53.9%; CA19-9, 51.6%). At stage III and below, the positivity rates for elevated CEA and CA19-9 levels were below 30%. Lymph node metastasis, lymphatic invasion, vessel invasion, stage grouping, depth of invasion, and curability were significantly different between the patients with elevated and those with normal serum levels of either CEA or CA19-9.
The proportions of patients with elevated and those with normal levels of either serum CEA or CA19-9 were compared according to JCGC histological type, but there were no significant differences. However, the proportion of patients with elevated serum CEA levels tended to be higher in those with tub2, and lower in those with tub1 and sig. Elevated serum CA19-9 levels tended to be more frequent in patients with tub2, and lower in those with sig.
Recurrence type
Recurrence type was compared in patients with elevated and those with normal serum levels of either CEA or CA19-9, using four recurrence factors: lymph node metastases, peritoneal metastases, liver metastases, and distant metastases ( Table 2) . Patients with elevated serum CEA levels were at significantly higher risk of having all recurrence factors than were those with normal serum CEA levels. All factors were analyzed by forward stepwise selection. Liver metastases, distant metastases, and lymph node metastases were selected as independent risk factors, and liver metastasis was the highest risk factor for elevated serum CEA levels. Patients with elevated serum CA19-9 levels were at significantly higher risk of having peritoneal metastases and distant metastases than were those with normal serum CA19-9 levels. Distant metastases and peritoneal metastases were selected as independent risk factors, and distant metastasis was the highest risk factor for elevated serum CA19-9 levels.
Survival rate
Cumulative survival was compared in patients with primary gastric cancer who had elevated and those who had normal serum levels of CEA or CA19-9. Patients with elevated serum CEA or CA19-9 levels had a significantly worse prognosis than patients with normal levels of either tumor marker ( Fig. 1 . P Ͻ 0.01 for both markers). To evaluate combination assays of serum CEA and CA19-9 levels, cumulative survivorship was compared in four groups (both markers elevated, both normal elevated CEA and normal CA19-9, and elevated CA19-9 and normal CEA) (Fig. 2) . Patients in whom serum levels of both CEA and CA19-9 were elevated had significantly worse prognoses than patients in whom the levels of both markers were normal (P Ͻ 0.0001). No significant difference was demonstrated between patients with an elevated serum level of CEA and a normal serum level of CA19-9, and those with an elevated serum level of CA19-9 and a normal serum level of CEA. In this analysis, however, bias may have been introduced by considering the different stages of cancer together. In order to eliminate such bias, cumulative survival rates were compared by surgical stage. Comparison of cumulative survival curves according to the JCGC surgical stage grouping demonstrated that patients at stage III with elevated serum CEA or CA19-9 levels had a significantly worse prognosis than those with normal levels of either tumor marker ( Fig. 3 ; P Ͻ 0.01 for both markers). On the other hand for stages I, II, and IV, there were no significant differences between patients in whom the serum level of either CEA or CA19-9 was elevated and that of the either marker was normal. Cumulative survival was also compared in patients with elevated and those with normal serum levels of either CEA or CA19-9 who were classified according to the curative potential of gastrectomy by the JCGC criteria. Patients with elevated serum CEA levels had significantly worse prognoses (P Ͻ 0.05) than did patients with normal levels (Fig. 4) . However, no significant difference was demonstrated between patients with elevated and those with normal serum CA19-9 levels. Finally, cumulative survival was studied for patients who showed elevated serum CEA or CA19-9 levels before gastrectomy, in terms of their levels within 3 weeks after gastrectomy. There was a significant difference in survival (P Ͻ 0.01) between patients whose serum CEA levels remained elevated after gastrectomy and those whose serum CEA levels became normal (Fig. 5) . However, no such significant difference was demonstrated in patients with elevated serum CA19-9 levels.
Comparison of hazard ratios
The 14 prognostic factors and either the CEA or CA19-9 level were analyzed by multivariate analysis, using Cox regression (Table 3) . In all analyses, depth of invasion showed the highest [exp( ), value and serum CEA levels showed higher [exp( ) values than serum CA19-9. The serum CA19-9 level was not shown to be a highly significant prognostic factor. Elevation of both markers was not shown to be a significantly high prognostic factor (P Ͻ 0.1). All factors were analyzed by forward stepwise selection with Cox regression. When the cutoff level of serum CEA was increased to 10 ng/ml, serum CEA, age, lymph node metastasis, and surgical stage grouping were selected as independent prognostic factors (Table 4) .
Discussion
In this clinicopathological study, we evaluated the utility of serum CEA and CA19-9 as predictors of locoregional recurrence and long-term disease-free survival in patients with gastric cancer. Of the 485 patients examined, 73.2% were men and 26.8% were women. The ratio of males to females was 3 : 1, and there were no significant sex differences between patients with el- Fig. 4 . Cumulative survival was compared in patients with elevated and those with normal serum CEA levels who were classified according to curative potential of gastrectomy by the JCGC criteria. Patients with elevated serum CEA levels had a significantly worse prognosis than did patients with normal CEA levels (P Ͻ 0.05)
Fig. 5.
Comparison of cumulative survival curves of patients with elevated serum CEA levels before gastrectomy according to serum CEA level after resection. A significant difference (P Ͻ 0.01) was demonstrated between patients whose elevated serum CEA levels became normal after gastrectomy and those whose CEA levels remained elevated evated and those with normal serum levels for either CEA or CA19-9. According to a previous report (in Japanese) of the results of treatment for stomach carcinoma in Japan [15] , the sex ratio of patients was 66.4% men and 33.6% women, or about 2 : 1. In our study, the proportion of men was a little higher.
In this study, the proportion of patients with elevated serum CEA levels was 19.0%, similar to findings (10.6% to 50%) in other studies [12, 14, [17] [18] [19] [20] [21] [22] [23] [24] [25] , and the corre- sponding proportion of patients with elevated serum CA19-9 levels was 21.8%, also similar to previous findings (16.0% to 34.6%) [14, [22] [23] [24] . These rates, however, are thought to depend on tumor progression at the time of detection. When the proportions of patients with elevated serum CEA and CA19-9 levels were assessed in accordance with the comprehensive stage grouping, it was found that the rates increased gradually with stage. At stage III or below, the positivity rates were less than 30%, but the rates increased significantly, to over 50% for stage IV patients, similar to data reported previously [21] . It is likely that CEA and CA19-9 levels are increased in patients with multiple organ infiltration, advanced lymph node metastasis, peritoneal metastasis, or liver metastasis, or when other distant metastasis occurs. Therefore, we compared recurrence factors in patients with elevated and those with normal serum CEA or CA19-9 levels ( Table 2) . Patients with elevated serum CEA levels were at significantly higher risk of having all recurrence factors than those with normal serum CEA levels. Liver metastases, distant metastases, and lymph node metastases were selected as independent risk factors, and liver metastasis was the highest risk factor for elevated serum CEA levels. Patients with elevated serum CA19-9 levels were at significantly higher risk of having peritoneal metastases and distant metastases than those with normal serum CA19-9 levels. Distant metastases and peritoneal metastases were selected as independent risk factors, and distant metastasis was the highest risk factor for elevated serum CA19-9 levels.
In patients with gastric cancer, it has been reported that the proportion of those with elevated serum CEA levels increases with advancing cancer stage and liver metastasis [14, [17] [18] [19] 26] . Our study produced similar findings. One study has shown that elevated serum CA19-9 levels in gastric cancer are well correlated with various forms of metastasis [22] . No such correlation was observed in our study. Assessment of average CEA levels by comprehensive clinical stage also shows that CEA levels increase as the disease becomes more advanced. Thus, we consider that the CEA level is a more useful indicator than the serum CA19-9 level for assessing the stage of gastric cancer and predicting its possible recurrence and metastasis.
We compared other clinicopathological factors in patients with primary gastric cancer who had elevated and those who had normal levels of either serum CEA or CA19-9. The proportions of patients with elevated serum CEA and CA19-9 levels were significantly higher with respect to the factors of stage grouping, depth of invasion, lymph node metastasis, lymphatic invasion, vessel invasion, and curability. Elevated serum CEA or CA19-9 levels were also correlated significantly with these factors. These findings indicate that the proportions patients with elevation of these tumor markers increases as the cancer progresses, similar to the findings of other investigators [18] [19] [20] [21] [22] [23] [24] [25] .
We also compared cumulative survival in patients with primary gastric cancer who had an elevated serum level of either CEA or CA19-9, with cumulative survival in those with a normal level of either marker. A significant difference was demonstrated between the cumulative survival curves for patients with elevated and those with normal serum CEA or CA19-9 levels (Fig. 1) . Similar results in patients with gastric cancer have been reported by others [20] [21] [22] [23] .
Patients in whom both the serum CEA and CA19-9 levels were elevated had significantly worse prognoses than patients in whom the levels of both markers were normal. No significant difference was demonstrated between patients in whom the serum CEA level was elevated and the serum CA19-9 level was normal, and patients in whom the serum CA19-9 level was elevated and the serum CEA level was normal (Fig. 2) . Similar results in patients with gastric cancer have been reported by others [23] .
Comparison of cumulative survival curves according to the JCGC surgical stage grouping showed that, although there were no significant differences between patients with elevated and those with normal serum CEA or CA19-9 levels at stages I, II, and IV, the prognosis for patients at stage III who had elevated serum CEA or CA19-9 levels was worse than that for patients with normal levels (of CEA or CA19-9) (P Ͻ 0.01) (Fig.  3) . Previous studies reported that the survival rate of gastric cancer patients at stages I, II, and III with serum CEA levels below 5 ng/ml was significantly better than that of patients whose serum CEA levels were above this value [20, 26] . The survival rate of gastric cancer patients at stage I with serum CA19-9 levels below 37 ng/ml was reported to be significantly better than that of patients with levels above that value [23] . We found no significant differences between patients at stage I, II, and IV who showed elevated serum levels of either CEA or CA19-9 and those with a normal level of either marker, because of the good prognosis after curative gastrectomy at stages I and II, and the worse postoperative prognosis at stage IV.
These findings indicate that serum CEA and CA19-9 levels provide additional prognostic information in patients with primary gastric cancer. We compared cumulative survival in patients with elevated and those with normal serum levels of either CEA or CA19-9 classified for curative potential of gastrectomy according to the JCGC criteria. The gastric cancer patients with serum CEA levels below 5 ng/ml (CEA(Ϫ) in Fig.  4) showed significantly better prognosis (P Ͻ 0.05) (Fig.4) . On the other hand, no significant difference could be demonstrated between patients with elevated and those with normal serum CA19-9 levels. These findings indicate that serum CEA levels provide additional prognostic information in patients with gastric cancer who undergo gastrectomy. Similar results in patients with gastric cancer have been reported by others. One study reported that elevated serum CEA levels correlated well with other prognostic information in patients with gastric cancer who underwent curative resection of stage II and III gastric cancer [26] . We also studied cumulative survival studied in those patients who showed elevated serum CEA and CA19-9 levels before gastrectomy, in terms of measurements taken within 3 weeks after tumor resection. Patients whose serum CEA levels became normal after gastrectomy had a significantly better prognosis (P Ͻ 0.01) than those whose serum CEA levels remained high (Fig. 5) . On the other hand, no significant difference could be demonstrated in patients with elevated serum CA19-9 levels. These results suggest that the level of CEA could be a useful indicator of the curability of gastric resection.
To evaluate the reliability of serum CEA and CA19-9 levels as additional prognostic factors, we performed multivariate analysis with 14 prognostic factors, using Cox regression. In all analyses, venous invasion showed the highest value [exp( )], and serum CEA levels showed higher values [exp( )] than curability, lymphatic invasion, stage grouping, and depth of invasion. Serum CA19-9 levels were not a highly significant prognostic factor. To determine the independent prognostic factors, we then performed forward stepwise selection. When the cutoff level of serum CEA was increased to 10 ng/ml, serum CEA, age, lymph node, metastasis, and surgical stage grouping were selected as independent prognostic factors. Previously, it was reported that preoperative CEA level was a strong prognostic factor [20] , although others have reported that only serum CA19-9 level is a good prognostic factor [22] . Elevation of the serum levels of both CEA and CA19-9 was not selected as an independent prognostic factor in our study. A previous study reported that a combination assay of preoperative CEA and CA19-9 levels was an independent prognostic factor. In the present study, the lack of selection of these markers as independent prognostic factors may have been due to the small sample size. However, our data showed that serum CEA level can be an additional independent prognostic factor in patients with primary gastric cancer.
In conclusion, levels of both CEA and CA19-9 provide additional prognostic information in patients with primary gastric cancer. Furthermore, our findings indicate that the preoperative serum CEA level provides additional prognostic information and is a useful indicator of curability in patients with gastric cancer after gastrectomy, as well as being an additional independent prognostic factor in primary gastric cancer.
